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Introduction

The benefits of applying livestock manure to crops
have been recognized for centuries. Nutrient compo-
sition of manure varies with a number of factors,
including animal type, bedding, ration, storage/han-
dling, environmental conditions, field application
method, and age of manure. These factors certainly
present sampling and analysis challenges. In addi-
tion, the chemical form and amount of each nutrient
varies between fecal and urine fractions.

Nutrient values can be assigned by using estimated
“book” or average available N, P,Og and K,O con-
tents. However, testing manure may better indicate
how animal management and other factors actually
affect nutrient content. In fact, many state nutrient
management programs now require manure testing
as part of farm nutrient management.

Using good sampling technique is critical for having
confidence in manure nutrient analysis results.
Appropriate sample handling and laboratory methods
are also important to ensure producers have confi-
dence in test results. However, quantifying the nutri-
ent value of applied manure remains a complex chal-
lenge. This information is needed to better manage
manure as a nutrient asset.

Work on the development of this multi-regional publi-
cation began in 1996 following a joint meeting of
regional soil testing workgroups in Raleigh, North
Carolina. Earlier in that year, a sample exchange was
conducted with NCR-13, SERA-6 and NEC-67 labo-
ratories. Results from that sample exchange were
presented at the Raleigh meetings and sparked inter-
est in joining efforts to develop a manure testing
manual, which could be used in all regions. This doc-
ument is the result of the work of this multi-regional
committee in developing a reference document for
sampling and testing livestock manure.

—John Peters

Note: Reference to commercial products or manufac-
turers’ names throughout this publication does not
constitute an endorsement by the authors. When this
type of information is listed, it is only done to give the
reader an indication of the relative type of equipment,
chemicals and supplies that are required.

The authors wish to thank the following individuals
for their assistance in developing this manual:

Doug Beegle — Penn State University

Michelle Campbell — Minnesota Dept. of Agriculture
Jerry Floren — Minnesota Dept. of Agriculture
Steve Offer — University of Wisconsin-Madison
Louise Ogden — Minnesota Dept. of Agriculture

fif
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Unit | Sampling Livestock Waste for Analysis

1. Introduction

There are essential pieces of information required to
determine the proper application rate and nutrient
credits for livestock waste to meet crop needs. These
include the acreage of the field, capacity of the
spreader and nutrient concentration of the manure.
Nutrient concentration can be assigned by using esti-
mated “book” or average available N, P,Og and K,0O
concentrations. However, testing manure may better
indicate how factors such as animal and manure
management affect manure nutrient content. Using
good sampling technique is critical for maintaining
confidence in manure nutrient analysis results.
Appropriate sample handling and laboratory methods
are also important to ensure accurate results.

John Peters and Sherry Combs

2. Sampling livestock waste

Data in the livestock waste facilities handbook
(MWPS-18, 2000) provides “typical” or average nutri-
ent contents for manure from several types of ani-
mals. These values probably give an acceptable esti-
mate for “typical” producers, especially if current
sampling methods used do not represent the pit,
pack or gutter adequately. However, an analysis of a
well-sampled system may give a better estimate of
manure nutrient concentrations for individual farms
than book values, especially if herd and manure
management are not “typical.” The MWPS total nutri-
ent estimates are compared in table 1 to actual
manure analysis of 51 farms in Minnesota (Wagar et
al., 1994) and from 1959 manure samples submitted
to the University of Wisconsin Soil and Forage
Analysis Laboratory between 1998-2001 (Combs,
1991). On average, the actual farm values compare

Zi:::;;ison of analyzed manure total nutrient concentrations to “typical” nutrient concentrations
Animal Minnesota* Wisconsin** MWPS***
Type System Nutrient Avg. Range Avg. s.d. Range Avg.

Ibs/1000 gal
Dairy Liquid N 29 10-47 22 9 1-73 31
P,O5 15 6-28 9 7 1-118 15
K,O 24 11-38 20 1 1-114 22

Ibs/t

Dairy Solid N 13 7-25 12 10 2-97 9
P,Ox 6 3-13 6 7 1-78 4
K,0 8 2-18 8 7 1-60 7

Ibs/1000 gal
Swine Liquid N 48 7-107 34 20 1-91 28
P,O5 28 3-64 16 12 1-60 24
K,0 21 7-51 20 12 2-70 23

*Nutrient levels in manure samples taken from 51 farms.

**Nutrient levels in 799 solid/semi-solid dairy, 746 dairy liquid and 414 liquid swine manure samples submitted to the
University of Wisconsin Soil and Forage Analysis Lab, 1998-2001.

***| ivestock Waste Facilites Handbook (MWPS-18, 2000)
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well to the MWPS estimates. Note, however, that the
actual analysis values range widely from the MWPS
estimates, indicating poor sampling, management or
other on-farm differences. Lindley et al. (1988) also
found actual manure analysis values to be highly
variable and ranged from 50 to 100% of published
values.

2.1 Technique

In virtually any type of agricultural analytical work the
results are greatly influenced by sampling. For solid
manure, it is generally recommended to sample from
loaded spreaders rather than from the actual manure
pack. A Wisconsin study (Peters and Combs, 1998)
showed that even when well-trained professionals
sampled dairy manure, variability was much higher
when samples were collected directly from the barn-
yard and pack compared to those collected from the
loaded spreader. The data also indicated that taking
several samples would help minimize potential vari-
ability.

In this same study, several samples of liquid manure
were taken from a thoroughly agitated lagoon while
being pumped into a spreader tank. The results of
multiple samples taken by different individuals from a
well-agitated liquid dairy manure lagoon indicate that
variability is much lower than in the solid
manure/barnyard system.

Variability can exist among different samplings even
when they are taken by the same individual under
ideal conditions. This occurred when samples of lig-
uid and semi-solid dairy manure were collected. Five-
gallon samples were mixed as thoroughly as possible
before being split into twenty-four subsamples. The
results indicate that the variability between liquid
samples was quite low, but higher with semi-solid
dairy samples. This was particularly apparent with
total N and dry matter measurements (Peters and
Combs, 1998).

2.2Time

An evaluation of long-term sampling of solid/semi-
solid manure showed little variability occurred in
nutrient concentration over a three-year period at the
University of Wisconsin Arlington Agricultural
Research Station (Combs, 1991). Sampling a stan-
chion barn periodically for three years showed that all
samples had similar total nutrient values. The least

variation occurred for N while most variation was
associated with K. These results seem to indicate
that with good representative sampling and no signifi-
cant change in herd management, consistent results,
even for solid manure, are possible.

On the other hand, results from sampling solid
manure in a poultry-laying barn at the University of
Wisconsin Arlington Agricultural Research Station
indicated inconsistent results over time (Peters and
Combs, 1998). These poultry manure samples taken
from the same barn approximately five months apart
show a significant difference in all parameters meas-
ured. This could be partially a result of seasonal
changes in the feed ration, feed contamination or dif-
ferences in individual sampling technique.
Commonly, five to six batches of birds are grown out
before the litter is removed. Poultry houses are nor-
mally sampled when the last batch of birds is
removed from the house, since the nutrient content in
poultry litter will change over time. Therefore, sam-
pling earlier is not recommended.

Due to these variations over time, manure nutrient
concentration values used to determine field nutrient
credits should ideally be based on long-term farm
averages, assuming herd and manure management
practices have not changed significantly. If an estab-
lished baseline level does not exist for a farm,
manure testing needs to be done frequently and con-
sistently to develop a historic record that spans at
least two-three years. Preferably, manure sampling
and analysis should be done just prior to land appli-
cation, with the time of year noted to monitor poten-
tial seasonal variability.

2.3 Storage management

The segregation of manure that occurs in liquid stor-
age requires that special care be taken to ensure that
a homogeneous mix is sampled. In a Minnesota
study, manure agitated for 2—4 hours before applica-
tion had highly consistent results for total N, P, K con-
centrations and percent solids when individual tanks
(first to last) were analyzed (Wagar et al., 1994).
Samples taken at various stages during the storage
system emptying process at Wisconsin also showed
very little variability providing the material was thor-
oughly agitated (Peters and Combs, 1998).
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3. Sampling
recommendations

The number of manure samples tested by public and
private labs has increased from approximately 6,220
in 1988 to almost 16,000 in 1996 (Soil, Plant and
Animal Waste Analysis Status Report, 1992-96).
However, the majority of animal producers still do not
sample manure. Reasons for not doing so include
sample heterogeneity and the inherent difficulty of
taking a representative sample.

Several states have developed guidelines for sam-
pling manure to minimize the sample heterogeneity
problem. This information was used to help develop
the sampling guidelines presented here. It is general-
ly not recommended to attempt to sample bedded
packs or unagitated liquid manure storage facilities.
In fact, using nutrient analysis results from poorly
sampled systems will not improve the accuracy in
estimating N or P loading to a field and may in fact
be detrimental.

Taking an adequate number of subsamples is critical
for getting a good estimate of nutrient value. In order
to characterize N content of a beef manure stockpile
within 10%, it took a Colorado State researcher 17
subsamples (Successful Farming, August 1998).
However, getting that level of accuracy for P required
20 subsamples and for K it required 30.

4. Recommended procedures
for sampling livestock
waste for analysis

Recommended procedures for sampling liquid and
solid waste are given below. Producers may choose
from these methods as appropriate.

4.1 Solid manure—dairy, beef, swine,
poultry

Obtain a composite sample by following one of the
procedures listed below. Also, one method of mixing
a composite sample is to pile the manure and then
shovel from the outside to the inside of the pile until
well mixed. Fill a one-gallon plastic heavy-duty zip
lock bag approximately one-half full with the compos-
ite sample, squeeze out excess air, close and seal.
Store sample in freezer if not delivered to the lab
immediately.

1. Sampling while loading—Recommended
method for sampling from a stack or bedded pack.
Take at least five samples while loading several
spreader loads and combine to form one compos-
ite sample. Thoroughly mix the composite sample
and take an approximately 1-lb. subsample using
a one-gallon plastic bag. Sampling directly from a
stack or bedded pack is not recommended.

2. Sampling during spreading—Spread tarp in
field and catch the manure from one pass. Sample
from several locations and create a composite
sample. Thoroughly mix composite sample togeth-
er and take a one-pound subsample using a one-
gallon plastic bag.

3. Sampling daily haul—Place a five-gallon pail
under the barn cleaner 4-5 times while loading a
spreader. Thoroughly mix the composite sample
together and take a one-pound subsample using a
one-gallon plastic bag. Repeat sampling 2-3
times over a period of time and test separately to
determine variability.

4. Sampling poultry in-house—Collect 8-10
samples from throughout the house to the depth
the litter will be removed. Samples near feeders
and waterers may not represent the entire house
and subsamples taken near here should be pro-
portionate to their space occupied in the whole
house. Mix the samples well in a five-gallon pail
and take a 1-Ib. subsample; place it in a one-gal-
lon zip lock bag.

5. Sampling stockpiled litter—Take 10 sub-
samples from different locations around the pile at
least 18 inches below the surface. Mix in a 5-gal-
lon pail and place a 1-lb. composite sample in a
gallon zip lock bag.

4.2 Liquid manure—dairy, beef, swine

Obtain a composite following one of the procedures
listed below and mix thoroughly. Using a plunger, an
up-and-down action works well for mixing liquid
manure in a 5-gallon pail. Fill a one-quart plastic bot-
tle not more than three-quarters full with the compos-
ite sample. Store sample in freezer if not delivered to
the lab immediately.
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1. Sampling from storage—Agitate storage
facility thoroughly before sampling. Collect at least
five samples from the storage facility or during
loading using a five-gallon pail. Place a subsam-
ple of the composite sample in a one-quart plastic
container. Sampling a liquid manure storage facili-
ty without proper agitation (2-4 hrs. minimum) is
not recommended due to nutrient stratification,
which occurs in liquid systems. If manure is sam-
pled from a lagoon that was not properly agitated,
typically the nitrogen and potassium will be more
concentrated in the top liquid, while the phospho-
rus will be more concentrated in the bottom solids.

2. Sampling during application—Place buck-
ets around field to catch manure from spreader or
irrigation equipment. Combine and mix samples
into one composite subsample in a one-quart
plastic container.

4.3 Sample identification and
delivery

Identify the sample container with information regarding
the farm, animal species and date. This information
should also be included on the sample information
sheet along with application method, which is important
in determining first year availability of nitrogen.

Keep all manure samples frozen until shipped or
delivered to a laboratory. Ship early in the week
(Mon.—Wed.) and avoid holidays and weekends.
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1. Introduction

Quality assurance (QA) is an essential component of
laboratory operation. It ensures consistent quality of
analytical results through the application and docu-
mentation of appropriate quality control and quality
assessment procedures. This serves the dual pur-
pose of promoting client confidence in analytical
results and documenting analytical uncertainty.

Quality control (QC) is comprised of laboratory prac-
tices undertaken specifically to achieve accurate and
reliable analytical results. Quality assessment is com-
prised of those procedures undertaken to monitor
and document the effectiveness of quality control
practices. A regular assessment of quality control
documents both accuracy (closeness to the known or
expected value) and precision (repeatability of multi-
ple results for the same sample) (Garfield, 1991).
Accuracy and precision together characterize analyti-
cal uncertainty.

A formal QA plan can be a useful foundation docu-
ment from which to derive quality control and assess-
ment guidelines for all methods run within a lab oper-
ation. In addition to QC guidelines, a QA plan should
contain a laboratory mission statement, overall QA
objectives, an organizational chart, a code of ethics,
training and safety practices and procedures. A com-
plete listing of QA plan components can be found in
EPA SW-846 (EPA, 1986).

An efficient QA program will initially add a small
amount of overhead to any laboratory operation. This
investment should be more than offset by an
improved ability to pinpoint problems earlier, resulting
in less repeat analysis and a streamlining of lab oper-
ations. Many funding agencies now require a docu-
mented QA program, as well as accuracy and preci-
sion statistics as part of any report on routine nutrient
analysis of soils and biological materials. Reporting
accuracy and precision statistics can improve confi-
dence in and satisfaction with analytical results for all
clients.

The relative cost/benefit ratio of individual QC prac-
tices or techniques should be considered when
implementing or modifying a QA program (Garfield,
1991). The scale of a QA program should reflect the

Bruce Hoskins

end-use of the analytical results. Specific QA pro-
gram components and guidelines should be deter-
mined within each laboratory, with input from as
many laboratory personnel, clients and other con-
stituents as possible. This section does not include a
complete listing of all possible QA program compo-
nents, but is intended to address common opera-
tional problems and practices affecting analytical
accuracy and precision in routine nutrient analysis.
For other viewpoints on and approaches to quality
assurance and a more complete listing of QA/QC
program components and techniques, the following
references are highly recommended:

1. Quality Assurance of Chemical Measurements by
J.K. Taylor. 1987.

2. Quality Assurance Quality Control Guidelines for
Forage Laboratories by Thiex, Torma, Wolf, and
Collins. 1999.

3. Association of American Feed Control Officials
Quality Assurance/Quality Control Guidelines for
State Feed Laboratories by Ogden, Kane, Knapp,
Thiex, and Torma. 1998.

It is not the intention of this manual to mandate rigid
QA/QC standards for all laboratories. The accuracy
and precision specifications listed here are considered
acceptable and attainable for all laboratories running
routine manure nutrient analyses. Higher standards are
almost always attainable and there should be continu-
ing effort to provide the best quality analytical results
possible from the resources available.

2. Components of a quality
control program

A good quality control program includes documenta-
tion, training and implementation of good laboratory
practices and procedures. Attention to detail and con-
sistent execution are paramount to quality analytical
results.

Documentation of standard operating procedure
(SOP) is one of the most important components of a
QC program, since this is where most quality control
practices are specified. An SOP should be specific to
an individual process or area of responsibility within a
laboratory operation.
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Sample receipt, login, preservation, holding time and
tracking should be detailed in one or more SOPs. The
importance of sample handling procedures and sample
order verification is often overlooked, even though they
are both common sources of errors. Other areas of
operation deserving individual SOPs are:

* lab ware cleaning/decontamination/storage,

e sample preparation, analytical procedures,

* reference material choice/storage/disposal,

e standard solution preparation and verification,

e data acquisition/reduction/archival, data valida-

tion and report generation,

* sample archival and disposal.

(Thiex, N., L. Torma, M. Wolf, and M. Collins, 1999).

Analytical procedure SOPs should contain a detailed
description of all method-specific steps in sample
preparation, extraction or digestion, and solution
analysis. Also include calibration solution preparation
and instrument setup, operation, or maintenance
applicable to the method. Quality assessment meth-
ods, frequency, control limits, and failure actions
should be delineated within each method SOP.
Control limits for accuracy and precision should be
specific to the method and the analytes being evalu-
ated. If assessment results fall outside these limits,
QC failure actions should be specified. Failure
actions should address known or common problems
and can range from checking for plugged sample
delivery tubes to a complete rerun of digestion and
analysis. There should also be provision or even a
separate SOP for the evaluation of a method, which
exhibits chronic QC failure. All analytical method
SOPs should be referenced to published standard
methods, to document for clients the exact methodol-
ogy in use and to demonstrate method conformity
and validation.

Slight alterations in testing procedures can some-
times cause substantial differences in the final
results. A detailed SOP ensures that a method is
executed consistently, minimizes variability in results,
and helps in troubleshooting problems.

A useful practice, and one that can especially benefit
new employees, is writing a summary of known
sources of error for each operation or method. These
include, but are certainly not limited to the examples
listed in table 2. Keeping an internal log of known
errors encountered over time, some of which may be
peculiar to a specific apparatus or process, can be
an invaluable tool in preventing or troubleshooting

problems in the lab. A separate log should also be
kept for each instrument, which includes a routine
maintenance schedule and a listing of maintenance
problems and service calls. Logs promote continuity
within a succession of technicians or operators over
time for any process or individual instrument.

3. Assessment of quality
control

Quality assessment should be considered an integral
component of a QC program. It is considered sepa-
rately here, since its purpose is to check the effec-
tiveness of the other program components. Quality
assessment is the systematic measurement and doc-
umentation of bias, accuracy and precision. It is used
to determine if an analytical process is in statistical
control and in compliance with QA program guide-
lines.

3.1 Measuring and documenting bias

The most common technique used to detect and
quantify analytical bias is the inclusion of process or
reagent blanks. One or more empty sample contain-
ers are carried through the entire preparation
process, with the same reagents added and final
dilution applied. Blank solutions are analyzed with
actual samples, using the same calibration. Blanks
should be run at regular intervals with each batch of
samples to determine if any analyte concentration is
consistently above method detection limits (MDL)
and also to determine the variability of blank content.
Blanks are more likely to be significant for those ana-
lytes present at relatively low concentrations, as in
trace element or micronutrient analysis.

Including blanks quantifies any addition to the pre-
pared samples or solutions from containers, reagents
or the laboratory environment. A consistent blank
value (if the source cannot be eliminated), should be
subtracted from the concentration values for that
analyte in the samples run in association with the
blanks. Blank subtraction is used to correct for sys-
tematic sources of contamination, not random ones.
In this way, systematic bias in the process can be
corrected to improve accuracy.

Groups of process or reagent blanks can also be
used to calculate detection and quantification limits
for each analyte, typically defined as 3 times and 10
times the standard deviation of the blank values,
respectively, for each analyte (Taylor, 1987; Thiex, N.,
L. Torma, M. Wolf, and M. Collins, 1999). Blanks



Unit Il

Laboratory Quality Assurance Program

Table 2. Known sources of error in manure testing

Source of error

Corrective action

Variable or heterogeneous samples.

Homogenize thoroughly prior to sub-sampling.
Use larger sample size. Run replicate analysis.

Sample carryover on digestion vessels or extraction
between other apparatus.

Decontaminate equipment with cleaning solution
between uses.

Contamination of samples or equipment by lab
environment.

Store samples, reagents, and equipment
separately.

Samples weighed, processed, or analyzed out
of order.

Verify sample IDs during subsampling. Run
known reference samples at regular intervals.

Inaccurate calibration solution content.

Check new cal standards against old. Run an
independent check sample to verify standards.

Mismatch between sample and calibration
solution matrices.

Make up calibration solutions in digestion matrix or
method blank solution. Use instrument internal
standard(s) if applicable and available.

Drift in instrument response.

Use frequent calibration or drift checks.

Blank values substantially above detection limit.

Use high-purity reagents and deionized water.
Decontaminate sample containers between uses.

Poor instrument sensitivity or response.

Optimize all operating parameters. Check for
obstructions in sample delivery system.

Transcription errors, faulty data handling.

Automate data transfer, verify manual input.

should be run at relatively high frequency until valid
mean and standard deviation statistics can be gener-
ated and a determination made as to whether blank
values are consistent within an analytical process.
Blank values should also be checked at increased
frequency after any change in procedure or reagents.

Matrix spiking is another technique used to measure
bias, where total content is being measured. A sam-
ple is supplemented with a known amount of the ana-
lytes under scrutiny before it is digested. Analyte con-
centrations in the spiked sample are compared with
those in the same sample run without spiking, with
the percent recovery calculated. This technique helps
to determine bias in analyte recovery due to sample
matrix interferences, incomplete digestion, or
volatilization loss. Matrix spikes are appropriate when
determining total content of P, K, Mg, Ca, or micronu-
trients by acid digestion or dry ashing. They are not
appropriate in methods where nutrient content is
measured by partial extraction (Delavalle, 1992).

3.2 Documenting accuracy

Accuracy of analytical results is documented by ana-
lyzing reference samples of known content. A refer-
ence sample should be as similar as possible to the
routine samples being tested. Several standard refer-
ence materials (SRMs) can be purchased from com-
mercial or government sources. Table 3 lists several
currently available materials, with guaranteed or pro-
visional contents.

SRMs typically have a certified analysis (with a range
of uncertainty) of the elemental content for several
analytes. Accuracy control limits can be set to the
listed uncertainty range or control limits can be set as
a fixed range of percent recovery of the certified con-
tent for each analyte. Analysis of an SRM is consid-
ered the most unbiased way to document accuracy in
a laboratory QA program (Delavalle, 1992). Often, it
is necessary to use an SRM, which is similar, but not
exactly the same matrix, as sample unknowns. At
present, there are no certified reference manure
samples available. A reference plant tissue, soil or
sludge is an appropriate SRM for checking the accu-
racy of many manure analyses.
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Table 3. Suitable standard reference materials for manure analysis

Company or Agency Material ID

Analytes

SCP Science

348 Route 11

Champlain NY 12919-4816
800-361-6820
www.scpscience.com

CP-1 Compost
BE-1 Sewage Sludge

N P K Mg Ca Cu Fe Mn Zn Na pH
B Ca CuFe KMg Mn Na P Zn

Environmental Research Assoc
5540 Marshall St

Arvada CO 80002

800-372-0122

www.eraqc.com

Catalog # 545 - Sludge
Catalog # 160 - Sewage Sludge
Catalog # 542 - Soil

TKN P NH4
Ca Cu Fe Mg Na Zn
TKN P NH4

Ultra Scientific

250 Smith St

North Kingstown RI 02852
800-338-1755
www.ultrasci.com

Catalog # IRMO005 - Sludge
Amended Soil

Catalog # IRMO007 -
Sewage Sludge (POTW)

Ca Cu Fe Mg Mn P K Na Zn

B Ca Cu Fe Mg Mn K Na Zn

Resource Technology Corp.
2931 Soldier Springs Rd
Laramie WY 82070
800-576-5690
www.rt-corp.com

Catalog # CRM007-040
Sewage Sludge

Catalog # CRM018-050
Sewage Sludge

B Ca Cu Fe Mg Mn K Na Zn

B Ca Cu Fe Mg Mn K Na Zn

US Dept of Commerce

National Institute of Standards
& Technology

Building 202, Room 204

Gaithersburg MD 20895

301-975-6776

www.nist.gov
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A supplement to purchased SRMs is enrollment in
one or more proficiency testing (PT) programs. In
these programs, identical samples are sent to all
cooperating laboratories, which analyze them accord-
ing to specified methods and protocols. Accuracy of
analytical results for manure testing methods, which
may not be available from purchased SRMs, can be
obtained in this way. Typically, median and mean
absolute deviation (MAD) statistics are reported for
each analyte and for each method, based on the data
returned by participating labs. Any results from a con-
tributing lab, which are outside acceptable control lim-
its, are flagged on the report to that lab. While median
values from PT reports do not constitute a certified or
guaranteed analysis, values obtained from several labo-
ratory sources can be considered closer to the “true”
values than results derived solely from one laboratory.

A Manure Proficiency Testing program is currently
available through the Minnesota Department of
Agriculture (90 West Plato Blvd, St Paul MN 55107-
2094 or http://www.mda.state.mn.us). Compost has
a similar matrix to many manures and is tested for
many common parameters using identical protocols.
A Compost Analysis Proficiency testing program
(CAP) is available through the US Composting
Council (contact: USU Analytical Lab, Utah State
University, Logan UT 84322 or
http://tmecc.org/cap/contact.html).

Samples from PT programs are high quality and can
be stabilized by refrigeration as necessary. Median
values can be used in lieu of certified content and any
remaining sample used as a surrogate SRM to docu-
ment accuracy. This is especially useful where no
purchased SRM of similar matrix and/or concentration
range is available.


www.scpscience.com
www.eraqc.com
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www.rt-corp.com
www.nist.gov
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Unit Il

Laboratory Quality Assurance Program

Accuracy of solution analysis is documented using a
quality control check sample (QCCS). AQCCS is a
solution of known content, which is derived from a
separate or independent source from the calibration
standards. QCCS solutions can be made in-house
using separate stock solutions or they may be pur-
chased ready-made from many scientific supply ven-
dors. The contents of a QCCS should be within the
normal range of sample unknowns for all analytes. It
serves as an independent verification of the calibra-
tion standards and can also be used as a calibration
drift check. Accuracy control limits for a QCCS are
set as a fixed range of percent recovery of known
content for each analyte.

3.3 Documenting precision

Precision of analytical results is measured through
replicate testing of routine samples or by repeated
analysis of internal reference samples. Replicate
analysis involves two or more analyses of a routine
sample unknown at some specified frequency, such
as every tenth or every twentieth sample. Precision
control limits are based on relative percent difference
(RPD) between replicates for each analyte. A rela-
tively high frequency of replication should be used
initially. Replication frequency can be reduced after
the minimum number of replicates has been generat-
ed to produce valid statistics (see R-Chart) and when
QC precision standards for the method are being
met. Replicate analysis is especially useful where
appropriate reference samples are unavailable
(Garfield, 1991) or where reference samples are
available, but matrix and concentration range mis-
match is a concern (Delavalle, 1992).

An alternative or supplement to replicate analysis is
to run internal reference sample(s). An internal refer-
ence is typically a large, stabilized (dried or refriger-
ated) sample, subsamples of which are run with each
batch of sample unknowns. Precision control limits
are derived from the standard deviation from the
mean of these repeated measurements. Bulk sam-
ples can be prepared relatively easily and with mini-
mal expense. It is important that the reference sam-
ple be thoroughly homogenized before each use to
prevent sample stratification. The content of an inter-
nal reference sample can be verified by running it in
the same batch with one or more SRMs. Internal ref-
erence samples are often used in this way as a sur-
rogate SRM for daily accuracy checking. Internal ref-

erence samples are often the primary daily QC
assessment used in lab operations.

By routinely running replicates or internal check sam-
ples and occasionally running SRM or PT samples,
statistical control of both precision and accuracy can
be adequately and economically documented
(Delavalle, 1992).

3.4 Known vs. blind checks

Quality assessment samples can be run with the full
knowledge of the technical staff or as single or dou-
ble blind samples. Check samples of known compo-
sition run at known intervals can be used by techni-
cians to monitor the quality of analytical results as
they are being produced. A blind sample is known to
the technical staff as a check sample, but the compo-
sition is unknown. A double blind sample is complete-
ly unknown to the technical staff and is used to elimi-
nate any possible bias in the results, from knowing
the location or composition of the check sample.
Blind and double blind samples are best reserved for
formal performance audits (Taylor, 1987, EPA, 1986).

4. Statistical control and
control charts

Descriptive statistics used in quality assessment can
be presented in a variety of ways. Accuracy is meas-
ured in terms of the deviation or relative deviation of
a measured value from the known or certified value.
Precision is presented in terms of standard deviation
(SD) from the mean of repeated measurements on
the same sample or in terms of relative percent dif-
ference (RPD) between replicate analyses of the
same sample. Together, accuracy and precision doc-
ument the systematic and random errors which con-
stitute analytical uncertainty in all laboratory results.

Accuracy and precision statistics are the perform-
ance criteria used to determine if a methodology is in
“statistical control”; that is, whether method control
limit standards are being met daily and over the long
term. Check sample statistics can also be used by
technicians and managers as daily decision-making
tools during sample analysis to determine if expected
results are being generated and if the analytical sys-
tem is functioning properly at any given time.
Determining that a problem exists at the time it is
happening can save a great deal of time in running
samples over again at a later date (Delavalle, 1992).
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4.1 X-charts

Quality assessment statistics can be presented
graphically, through control charts, for ease of inter-
pretation. X-charts can be used to present both accu-
racy and precision data. Repeated measurements of
external or internal reference samples are graphed
on a timeline. A minimum of seven measurements is
needed, though 15 are recommended for valid statis-
tical calculations (Taylor, 1987). Superimposed on the
individual results is the cumulative mean (in the case
of an internal reference sample) or the known con-
tent (in the case of an external SRM or PT sample).
Upper and lower warning limits (UWL & LWL) are cal-
culated as - 2 SD and upper and
lower control limits (UCL & LCL) are
calculated as ¥- 3 SD (figure 1). In a

ual replicate ranges for a given analyte over time.
The replicated samples should ideally be within a lim-
ited total range of concentration, well above MDL,
within the same process or method (Delavalle, 1992).
A cumulative mean range is calculated and superim-
posed on the individual range values. Warning and
control limits are calculated as 2.512 times and 3.267
times the mean range, respectively (Taylor, 1987).
Since replicate ranges are absolute, only one warn-
ing and control limit are displayed (figure 2). Since R-
chart data consist solely of replicate ranges, they can
only be used to document precision. A minimum of
15 replicated samples is recommended for producing
an R-chart (Taylor, 1987).
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Figure 1. Example X-Chart
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4.3 Establishing control limits

Since warning and control limits are calculated from
cumulative statistical data, new quality control
assessments are always viewed relative to past per-
formance. Cumulative statistics effectively character-
ize the inherent capability of a laboratory to execute
a given methodology. Realistic QC standards for
accuracy and precision in any lab must take this
capability into account. The first step should be to
define attainable accuracy and precision within the
normal range of sample content (Taylor, 1987). When
attainable standards are determined, they should be
used to maintain consistent analytical quality over
time. Allowance must be made for decreased accura-
cy and precision and increased analytical uncertainty
as an analyte approaches MDL.

The accuracy and precision levels specified within
the methods in this manual are considered to be
attainable for routine analysis of manures. These
should serve only as a starting point. Each laboratory
should individually determine acceptable control lim-
its and standards internally. These QA/QC standards
should be re-evaluated when methodologies are
changed or modified and as analytical capabilities
are improved.

4.4 Reporting

Accuracy and precision statistics should be docu-
mented and updated daily, both for individual analyti-
cal jobs and cumulatively for any given method on an
on-going basis. Accuracy and precision statistics can
be reported only on demand or on a routine basis,
depending on the client and the end-use of the
results.

For some projects or clients, replicate analysis and
reference sample statistics are required to be report-
ed along with or as a supplement to the analytical
results. Precision is typically documented by report-
ing replicate percent differences (RPDs) from replica-
tion of the client samples. For replicated samples, the
mean of replicate analyses is usually reported as the
measured content. Accuracy is documented by
reporting the result of SRM(s) run in the same batch
with the client samples. QC standards for acceptable
RPD and SRM acceptable ranges should be listed
for comparison.

Even when not required, a simple summary of typical
precision or analytical uncertainty can be listed or
sent with the report for a routine nutrient analysis of
manure. A listing of 95% CI ranges for the reported
analytes can be taken from the cumulative statistics
for a reference sample or samples, run over the past
several months or years. This simple listing of
expected uncertainties can greatly improve client
understanding and confidence in the quality of the
analytical results.
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1. Sample handling

Bruce Hoskins

1.1 Introduction

An active microbial population and the volatility of
many constituents can make animal manure a very
unstable and analytically difficult material. Sample
stabilization, storage, and handling can all have an
important impact on analytical results. Many manures
are highly variable, heterogeneous, and difficult to
subsample reproducibly—at the farm or in the laborato-
ry. Animal manure can also pose potential problems
with regard to laboratory safety and sample disposal.

1.2 Recommended sample handling
protocols

1. Biohazards and laboratory safety

Animal manures may contain disease pathogens
and parasitic organisms that can pose a health
risk to humans under certain circumstances.
Common exposure pathways are through dust
inhalation or through hand-mouth contact
(Clemson University, 2000) (Standard Methods,
1995).

Most known microbiological hazards associated
with manure handling are classified at Biosafety
level 2 (Health Canada, 2001). At this hazard
level, recommended safety equipment consists of
the same personal protective equipment (PPEs)
normally used in a chemical laboratory (lab coats,
gloves, and eye protection). For those processes
that generate dust or other aerosols, such as
grinding or weighing dried manures, a Biological
Safety Cabinet is recommended to contain any
airborne particulates. In addition, cleaning grinders
or other contaminated equipment should be done
using a HEPA vacuum and drying ovens should
be vented to the outside (Clemson University,
2000).

Any laboratory analyzing animal manures should
coordinate with their Department of Environmental
Safety or Industrial Hygienist to ensure that all
prudent safety precautions are in place.
Laboratory personnel should be trained with
regard to potential hazards and in the use of
PPEs and other appropriate equipment with
respect to manure analysis.

2. Sample receiving, examination, and
transfer

Examine all manure samples when they arrive at
the laboratory. Document on the report any sample
that is not in a sealed plastic or glass container or
that shows evidence of leakage or sample loss. All
semi-solid and liquid samples will segregate during
shipping. Most sample loss from leakage will be pre-
dominantly water rather than solids, rendering dry
matter (and other) analysis inaccurate.

If a manure sample is not in a sealed plastic or
glass container, it should immediately be trans-
ferred to an appropriate secondary container for
storage and archival in the lab. If the original sam-
ple size exceeds that of the secondary container,
it should be homogenized before transfer. To mini-
mize subsampling error, transfer as much of the
original sample as possible to the secondary con-
tainer while leaving sufficient headspace for freez-
ing. If the sample arrives frozen it should be
thawed to room temperature to facilitate subsam-
pling and transfer. Secondary containers can be
made of glass or plastic, should be of convenient
size for storage, should seal sufficiently to prevent
evaporative loss of moisture or other leakage, and
should be able to sustain freezing.

3. Sample stabilization and storage

All manure samples should immediately be refrig-
erated at 4°C upon receipt to retard microbial
activity and volatilization losses (US Compost
Council, 2000) (Standard Methods, 1995). Total
refrigerated storage time before analysis should
not exceed the holding times listed below. If a
manure sample cannot be analyzed for one or
more of the listed parameters within the specified
time limit, it should be frozen at -18°C to suspend
microbial and chemical activity. The manure
should then be sampled for analysis immediately
after thawing to room temperature.

4. Sample holding times

Suggested maximum holding times for various
analyses are listed below. The sample con-
stituents most sensitive to holding time are those
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Table 4. Maximum holding times for
manure at 4° C before specific analyses.

pH 7 days
Dry matter/Total solids 7 days
Total nitrogen/Kjeldahl nitrogen 7 days
Ammonia nitrogen 7 days
Electrical conductivity 6 months
Minerals— 6 months

Total P, K, Ca, Mg, Cu, Zn

that are prone to evaporative/volatilization loss or
microbial/chemical transformations in storage.

5. Homogenizing and subsampling

Thoroughly mix and homogenize the entire sam-
ple before subsampling. Liquid samples can often
be shaken within and poured from the original
container, provided the solids stay uniformly sus-
pended. Liquid and semi-solid samples without
straw or hay bedding or other long-fiber material
can be pulverized and mixed in a blender to a uni-
form consistency (Thiex, personal communica-
tion). Solid manures or manures with coarse bed-
ding can be chopped, divided, recombined, and
mixed with a spatula to minimize heterogeneity
prior to subsampling.

An alternative for coarse or heterogeneous
manures is to process very large subsamples in
two stages. Up to V2 the original sample can be
partially or completely dried, ground, homoge-
nized, and subsampled again for some analyses
(Undersander, Mertens, and Thiex, 1993) (Thiex,
personal communication). This technique is not
recommended for the analysis of total nitrogen,
ammonium nitrogen, or other constituents that
may be volatilized or transformed during the dry-
ing process. Subsampling for the analysis of these
unstable constituents should be done directly from
the as-received sample. Analysis run on partially
dried material will also require additional correc-
tions to both an oven-dried and as-received basis,
based on the measured moisture loss during par-
tial drying. If two-stage subsampling is conducted,
a representative portion of the original sample
should always be maintained for direct subsam-
pling and archival.

Sample handling

In general, the larger the subsample for any analy-
sis, the more representative it will be and the higher
the precision of the results. Any specific subsam-
pling instructions for an individual analysis will be
provided in the respective chapter or section.

6. Archiving and disposal

After analysis, manures can be archived by freezing
at -18°C. Additional or repeat analysis can be done
immediately after thawing to room temperature.

Sample disposal will depend on local or institutional
regulations. The safest way to prepare samples for
disposal is to sterilize by autoclaving. Samples auto-
claved for 30 minutes under pressure at 121°C are
safe for disposal in the normal waste stream
(Standard Methods, 1995). Alternatively, manure
samples may be incinerated prior to disposal.
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2. Dry matter analysis

Bruce Hoskins, Ann Wolf and Nancy Wolf

2.1 Introduction

Dry matter (DM) content can be important in deter-
mining the handling characteristics and relative nutri-
ent content of manure. Accurate determination of dry
matter is also important because of its effect on ana-
lytical results converted from a dry weight to a wet
weight basis. Since many analyses are performed on
dried material, but are reported on a wet sample or
“as received” basis, errors in determining dry matter
content will be manifested through all converted val-
ues. Many labs use the dry matter subsample for
subsequent analysis; therefore subsample quantity,
drying time and temperature are often dictated by the
requirements for those additional analyses.

2.1.1 Method variability

Recent manure analysis surveys and sample
exchange programs point out the wide range of
methodologies employed by different laboratories in
the public and private sectors. A manure sample
exchange done by the Minnesota Department of
Agriculture in 1996 consisted of four manure samples
(all <10% DM) sent to 17 private laboratories in the
region. Only analytical results were available, with no
specific procedures reported. The inter-laboratory
comparison of dry matter results showed coefficients
of variation (CV) ranging from 12.8-22.2% for individ-
ual manure samples (Jarman, MN Dept of Ag, 1996).

A multi-regional manure sample exchange, conduct-
ed at 14 state university laboratories in 1996 consist-
ed of two liquid manures and three dried and ground
manures. A survey of methods used by participating
laboratories was also done. Drying temperatures
ranged from 50°C to 110°C. Documented drying
times ranged from 16 to 24 hours. The CVs among
laboratories for dry matter content of each of the
manures ranged from 2.2-9.0% (Combs & Peters,
1996).

2.1.2 Method validation

To explore sources of variability, parallel studies
were undertaken at the University of Arkansas,
Penn State University, and the University of
Maine. Specific effects studied included species of
origin, dry matter content, subsample size, drying
time, drying temperature, and drying vessels.

Multiple samples from each laboratory’s sample
stream were chosen to include solid cow, liquid
cow, liquid swine and solid poultry manures. Dry
matter contents ranged from 2.3-84.0%. Manure
with 15% or more dry matter was considered solid
for the purpose of the study.

Samples were dried at 50°C, 70°C and 110°C for 6,
16, 24 and 48 hours each. A range of subsample
sizes (all <2g DM) were selected for each time and
temperature. All samples were replicated at each
time and temperature. Replicate percent difference
(RPD) was calculated to document sample variability
and analytical precision. Forced-draft ovens were
used in each laboratory. Containers consisted of alu-
minum boats, ceramic crucibles, beakers and diges-
tion flasks. Minimum drying time for each tempera-
ture was determined when no significant increase in
apparent moisture content was seen at the next high-
er time interval. Residual moisture content after
achieving constant weight at 50°C and 70°C was
determined by comparison with the 110°C moisture
content (Wolf, Wolf, & Hoskins, 1997). Relevant find-
ings were as follows:

1. Liquid samples in containers with restricted tops
took up to twice as long to completely dry as they
did in low-sided containers.

2. Residual moisture contents were insignificant for
samples dried at 50°C and 70°C, compared to
110°C, for all but poultry manures.

3. Sample size and drying temperature had a signifi-
cant effect on drying time of all manures.

4. Sample sizes up to 5g fresh wt needed only 6 hr
at 110°C or 70°C and 16 hr at 50°C to dry com-
pletely.

5. Sample sizes of 10-20g fresh wt required 16 hr at
110°C and 24 hr at 70°C to dry completely, but
often did not dry completely even a